Osteoporosis and Vitamin D

Deficiency in Patients with Sickle Cell Disease

Osteoporosis in Sickle Cell Anemia

Zeynep Tugba Ozdemir', Esra Akyiiz Ozkan?, Ayse Oguzhan Akkoca®, Meral Ekim*, Elif Bérekci', Tekin Yildirm', Adem Yasar?

'Department of Internal Medicine, Bozok University Medical Faculty,
2Department of Pediatrics, Bozok University Medical Faculty,

*Department of Family Medicine, Iskenderum State Hospital,

“Department of Biochemistry, Bozok University Medical Faculty, Yozgat, Turkey

Ozet

Amag: Osteopeni veya osteoporoz gibi kemik hastaliklari orak hiicre hastali-
ginda (OHA) en sik goriilen ve morbidite nedeni olan klinik bulgulardandir. D
vitamini eksikligi de dahil olmak tizere, kemik problemlerinin olusumunda bir-
¢ok neden vardir. Bu calismada; kemik mineral dansitometrisi (KMD) ve bi-
yokimyasal endeksleri kullanarak OHA hastalarinda osteopatiyi degerlendir-
meyi amacladik. Gerec ve Yontem: Bu calismaya 29 kadin, 32 erkekten olu-
san toplam 61 hasta dahil edildi. Yas, cinsiyet, biyokimyasal parametreler ile
dual enerji X 15ini absorpsiyometri kullanilarak (DEXA) lomber vertebralarda
KMD diizeyi degerlendirildi. Z skorlarina gore; <[-2] osteoporoz, [-1/-2] os-
teopeni, >[-1] normal olarak kabul edildi. Cok degiskenli analiz yontemi ile
de KMD'yi etkileyen faktérler belirlendi. Bulgular: 61 hastanin yas ortalama-
s1 21.06+5.06 (15-27) yil idi ve viicut kitle indeksi (VKi) 19.152.98 kg/m2
olarak hesaplandi. 23 hasta (11 kadin, 12 erkek) (%37.7) osteopenik iken
26 hasta (12 kadin, 13 erkek) (%44.3) osteoporotik idi. 12 hastanin (6 kadin
ve 6 erkek) (% 18) KMD’si normal sinirlarda saptandi. D vitamini 12 hasta-
da (%19.67) (10 kadin, 2 erkek ) ciddi seviyede diisiik bulunmustur (<10 ng /
ml). 20 hastada (% 32.8) (14 kadin, 6 erkek ) D vitamini eksikligi (10-20 ng /
ml) ve 26 hastada (% 42.6) (14 kadin, 12 erkek) ise yetersiz diizeyde (20-30
ng/ml) gorilmistir . Hemen hemen tiim kadinlarda (28/29) D vitamini diizey-
leri diisiik iken (20 ng/ml), 18/32 erkek hastada D vitamini eksikligi saptan-
mistir. Lomber KMD yas (p <0.001), boy (p <0.001), agirlik (p <0.001), VK (p
<0.001), Hb (p = 0.017), Z skoru (p <0.001) ile pozitif korele bulunmustur. Tar-
tisma: OHA hastalarinda osteopati patogenezinde rol oynayan bircok goster-
ge vardir. Bu faktorler dikkate alinmali; tanida gecikilmemeli ve bu hastalarin
yasam kalitesini artirmak icin gerekli tedbirler ainmalidir.
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Abstract

Aim: Bone disorders such as osteopenia or osteoporosis are the most com-
mon clinical manifestations seen in sickle cell disease (SCD) with a high of
morbidity. There are many reasons, including vitamin D deficiency for the
appearance of bone problems. In the present study we aimed to evaluate
osteopathy in patients with SCD using bone mineral densitometry (BMD) and
biochemical indices. Material and Method: 61 patients (29 female, 32 male)
were included in the study. The age, gender, and biochemical parameters
with BMD were evaluated using dual energy X-ray absorptiometry from lum-
bar vertebrae. According to Z scores, [<-1] was normal, [-1/-2] was osteo-
penia, and [>-2] was considered as osteoporosis. Multivariate analysis was
performed to determine the factors influencing BMD. Results: There were a
total of 61 SCD patients. The average age was 21.06+5.06 (15-27) years
and the mean BMI was 19.15+2.98 kg/m2. 23 patients were osteopenic (11
female, 12 male) (37.7%) and 26 were osteoporotic (12 female, 13 male)
(44.3%). Twelve patients (6 female and 6 male) (18%) had normal Z scores.
Vitamin D was found severely deficient (<10 ng/mL) in 12 patients (19.67%)
(10 female, 2 male). Vitamin D was deficient (10-20 ng/mL) in 20 patients
(32.8%) (14 female, 6 male) and insufficient (20-30 ng/mL) in 26 patients
(42.6%) (14 female, 12 male). Almost all of the females (28 of 29) had vita-
min D levels lower than 20 ng/mL and 18 of 32 males had deficiency. Lumbar
BMD was positively correlated with age (p<0.001), height (p<0.001), weight
(p<0.001), BMI (p<0.001), Hb (p=0.017), and Z score (p<0.001). Discussion:
There are many indicators playing a role in the ethiopathogenesis of oste-
opathy in SCD patients. These factors should be considered, the diagnosis
should not be delayed, and measures should be taken to improve the quality
of life of these patients.
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Introduction
Sickle cell disease (SCD) is one of the most common hemo-
globinopathies in the world. SCA carrier frequency is between
0.3-0.6 percent across Turkey; in some areas such as the Cu-
kurova region, this frequency reaches up to 3.0-44.0%. Due to
complications of this chronic inflammatory disease associated
with chronic hemolysis, vasoocclusion, and tissue hypoxia, bone
metabolism is adversely affected as are other endocrine organs
[1]. Painful vaso-occlusive crisis or osteomyelitis is the acute
clinical manifestations whereas osteonecrosis, osteoporosis,
and osteopenia can be seen in the long term. Although morbidi-
ty remains high, survival of individuals with SCD to over the age
of 55 or 60 has been described [2]. There are several studies
on SCA adults that show they have lower bone mineral density
(BMD) and lower vitamin D values than do healthy controls [3].
Osteopenia and osteoporosis have a frequency of up to 82% of
adults with SCD [4, 5]. The ethiopathogenesis of osteoporosis
and demineralization of bone in SCD seems to be multifactorial.
Bone marrow expansion and cortical thinning, hypogonadism,
hypothyroidism, hypoparathyroidism, direct toxic effects of iron
overload on osteoblast numbers and activity, calcium and zinc
deficiencies, low vitamin D levels, and reduced physical activity
are some of the responsible acquired factors. Also, low body
mass index (BMI) plays a role in the bone metabolism that can
be connected to the hypermetabolic state in SCD. Chronic in-
flammatory processes, chronic anemia, increased cardiac load,
rapid erythropoiesis, increased protein turnover, and oxidative
stress all contribute to the hypermetabolic condition [6].

In these patients, vitamin D deficiency is very common in clini-
cal practice. Defining deficiency as vitamin D <20ng/mL, de-
ficiency is seen in from 56.4% up to 96.4% of SCD patients.
Vitamin D seems to be a serious health problem around the
world, not only because it affects bone metabolism [7]. Vitamin
D deficiency has been shown to affect the prognosis of many
diseases such as cardiovascular diseases, nephrop-
athy, and chronic pain [8]. The vicious circle caused

osteoporosis-preventive medicine (calcium and vitamin D) or
therapeutic (bisphosphonates, etc.) agents, or had anorexia ner-
vosa, hyperthyroidism, chronic obstructive pulmonary disease,
or inflammatory bowel disease were excluded from the study.

Age, sex, and drugs with chelator agents were noted. Body
mass index (BMI) was calculated. Before the transfusion, Hb,
ferritin, fasting blood glucose (FBG), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), Ca, phosphorus (P),
alkaline phosphatase (ALP), thyroid stimulating hormone (TSH),
free thyroxine (FT4), intact parathyroid hormone (iPTH) and vi-
tamin D levels were measured. Bone mineral densities (BMD) of
the patients were evaluated by the DEXA method. BMD of the
lumbar spine (L1-L4) was measured in g / cm2. Z scores were
calculated automatically by the device. Z score of [<-1] was de-
fined as normal, [-1-2] as osteopenia and [> -2] as osteoporosis.
The statistical analyses were carried out by Statistical Pack-
age for the Social Sciences (SPSS). Variables were expressed
as mean+SD. Comparisons of variables were performed using
unpaired Student t test. Bivariate associations of the variables
were assessed using Pearson’s correlation coefficients and p
value <0.05 was considered to indicate statistical significance.

Results

There were a total of 61 SCA patients: 29 were female and
32 were male. The average age was 21.06+5.06 (15-27) years,
height 152.09+17.61 c¢cm and weight 45.69+14.29 kg. Mean
BMI was 19.15+2.98 kg / m2.

Patients were grouped according to the lumbar region Z score,
with [> -1] as normal, [-1 -2] as osteopenic and [<-2] as osteo-
porotic. With regard to Z scores, 23 patients were osteopenic
(11 female, 12 male) (37.7%), 26 patients were osteoporotic
(12 females, 13 males) (44.3%) and 12 patients (6 females and
6 males) (18.0%) had normal Z scores. The average data for all
three groups are summarized in Table 1.

Table 1. Demographic features and laboratory findings of sickle cell anemia

by all these complications reduces both the quality All patients Z score >-2 Z score -1- -2 Z score normal
) 5 . N:61 N:26 N:23 N:12
of life and the survival of SCA patients [9].
Osteopenia and osteoporosis are usually asymp- Age (year) 21.06+5.06 18.58+3.58 22.615.85 20.66+2.98
o . BMI (kg/m2) 19.15+2.98 18.34+2.95 20.47+2.40 19.33+3.06
tomatic in clinical settings. If there are fracture de- 8
formities or vertebral collapse, patients complain of glucose (mg/dL)  85.74+9.20 86.31:8.13 85.50+10.32 83.93+10.40
. . . L Hb (g/dL 8.41+1.08 8.07+1.21 8.94+.71 8.48+0.81
pain and are admitted to outpatient clinics. In those (g/dL)
cases, chronic analgesia and mechanical/surgical ferritin (g/dL) 893.93+1566.34 967.44+1751.18 1146.50+185023 538.47+562.12
support are usually needed. So we think that care- ALT (U/L) 28.18+28.23 24.87+11.75 40.68+51.77 22.06+10.70
ful and accurate management of these patients will AST (U/L) 43.79+17.69 45.34+13.83 46.93+25.01 38.50+15.10
significantly increase their quality of life ALP (U/L) 144.28+89.50  140.56+87.17 142.13+76.90 169.66+112.88
Ca (mg/dL) 9.51+0.76 9.40+.96 9.49:0.39 9.73+0.50
Material and Method P (mg/dL) 4.43+.65 4571055 431:0.84 4.23+0.60
61 SCD patients who visited the outpatient clinic of ~ TH (mIU/L) 3.90+8.38 3.10£1.20 2.53+1.15 6.89+16.95
the university hospital, ranging in age from 15-27,  Ft4 (ng/dL) 5.71+6.73 6.70+6.77 3.73+6.42 6.94+8.07
whose diagnoses were confirmed with hemoglobin PTH (pg/mL) 76.07+175.17 89.00+216.26 83.36+110.49 81.40+125.67
(Hb) electrophoresis were asked to participate in Vit D (ng/mb) 19.78+9.52 19.83+5.78 19.74:17.47 19.4010.73
the study. Ethical approval was obtained from the  B12 344.59:236.74  383.66+311.67  325.50+188.15 315.71+153.09
ethics committee of the university. Informed con- Folat 10.15+6.22 8.89+5.81 9.09+6.42 12.23+7.33
sent was obtained from all participantS. Patients BMD (g/cm2) 0.72+0.23 0.59+.13 0.83+0.16 0.91+0.23
Z score -1.84+1.66 -2.78+0.79 -1.48+0.23 0.52+1.37

with secondary disorders that might cause osteo-
porosis were ruled out. Patients who did not receive
regular treatment, who were on steroids, were using

BMI; body mass index, Hb; hemoglobin, ALT: alanine transaminase, AST; aspartate transaminase, Ca; calcium,
P; phosphorus, TSH; thyroid stimulating hormone, Ft4; free thyroxine, PTH; parathyroid hormone, Vit D; vitamin
D, BMD; bone mineral densitometry
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6 female and 12 male had low BMI (<18.5 kg/m2). Osteoporosis
was seen in 50% of females and 58% of males in this group.
Low BMI was positively correlated with Z scores (p=0.043,
r=0.457).

Vitamin D was found severely deficient (<10 ng/mL) in 12 pa-
tients (19.67%) (10 female, 2 male). Vitamin D was deficient
(10-20 ng/mL) in 20 patients (32.8%) (14 female, 6 male). Vi-
tamin D was insufficient (20-30 ng/mL) in 26 patients (42.6%)
(14 female, 12 male). Almost all of the females (28 of 29) had
vitamin D levels lower than 20 ng/mL and 18 of 32 males had
deficiency.

Lumbar BMD was positively correlated with age (p<0.001),
height (p<0.001), weight (p<0.001), BMI (p<0.001), Hb
(p=0.017), and Z score (p<0.001) and negatively correlated with
P (p=0.031) (Table 2).

The mean BMD in females was 0.79+0.25 and in males was
0.66+0.20. BMD values of males were lower than females and
this was found statistically significant (p=0.042).

The mean vitamin D value of females was 17.17+7.5 and in
males was 23.90+11.86. Although males had higher values than
females, this was not statistically significant (p=0.062).

In the osteoporotic group, ALP was found higher in 13 patients
(50.0%), AST in 15 patients (57.7%), ALT in 5 patients (19.2%),
TSH in 1 patient (3.8%), FT4 in 11 patients (42.3%), P in 9 pa-
tients (34.6%). Ferritin was high in all patients. FBG, and Ca
were normal in all, while vitamin D was severely deficient in 4
(15.3%), deficient in 10 (38.4%), and insufficient in 12 (46.3%).
There were no normal vitamin D levels in this group.

In the osteopenic group, FBG, Ca, P, and TSH levels were all
within normal limits. High values were found for ALP in 7 pa-
tients (30.4%), P in 7 patients (30.4%), PTH in 1 patient (4.3%),
ALT in 3 (13.0%), AST in 14 (60.8%), and FT4 in 6 (26.0%). Vita-
min D was severely deficient in 5 (21.7%), deficient in 5 (21.7%),
insufficient in 10 (43.4%), and normal in 3 (13.2%).

Of those with Z scores in the normal range, vitamin D was se-
verely deficient in 3 (27.6%), deficient in 4 (36.2%), insufficient
in 2 (18.1%), and normal in 2 (18.1%)P was higher in 2 (18.0%),

ALP in 5 (45.5%), ALT in 1 (9.0%), AST in 5 (45.5%), TSH in 3,
and FT4 in 5 (45.5%). Ca and PTH values were within normal
limits.

Discussion

Osteoporosis is the most common skeletal system disorder
worldwide. It is characterized by reduced bone mass and dis-
ruption of bone architecture. Because this increases the risk of
bone fragility and fractures, it is an important cause of morbid-
ity in adult patients [10]. The prevalence of low BMD ranges
from 30 to 82% in SCD [1, 4, and 5] for the lumbar spine. It
has been shown that while bone metabolism, thyroidal disor-
ders, or gonadal insufficiency as endocrine organ dysfunctions
are more frequently seen in adult SCD patients, malnutrition,
growth retardation, and pubertal development retardation are
mostly seen in pediatric patients [9].

In the present study, 37.7% of SCA patients were found os-
teopenic and 44.3% as osteoporotic based on Z scores of the
patients, according to WHO guidelines. Vitamin D was severe-
ly deficient in 12 patients (19.67%), deficient in 20 patients
(32.8%) and insufficient in 26 patients. Lumbar BMD was posi-
tively correlated with age, BMI, Hb, and Z score.

60 adult SCA patients ranging in age from 20-40 had signifi-
cantly lower BMD at L2, L4 (all p < 0,05) than the control group
in the study of Elshal MF et al. [11]. 30% of the patients were
osteopenic and 50% were osteoporotic. Furthermore, there was
significant reduction in PTH and serum Ca concentrations. In
our study all the calcium levels were normal. In the study of
Sadat-Ali M et al [7], in a total of 100 SCA patients consist-
ing of 48 males and 52 females, 70% had low bone mass (os-
teopenia and osteoporosis). In a study conducted in Brazil with
65 SCA patients, low BMD was present in 41% and a relation-
ship was found between low BMD and hemolysis parameters
such as high lactate dehydrogenase (LDH) and low hemoglobin
level [12]. In a study of Sarrai M et al. [5] on 103 SCA patients
(73 females, 30 males, aged 15-80 years), 79.6% (mean age
36.5+12.5 years) had low BMD. Abnormal BMD was related to

Table 2. Pearson’s correlations between bone mineral densitometry and other laboratory parameters in children with sickle cell anemia

BMD age BMI Hb ferritin - glucose Ca P ALP PTH ALT AST TSH Vit D Z skor
BMD 1
Age 673** 1
BMI ,564**  533** 1
Hb ,323* ,146 ,345* 1
Ferritin -,230 -183 -,054 -278* 1
glucose -153 -,015 -,245 -,301* ,398** 1
Ca ,048 ,170 213 ,096 ,012 125 1
P -294*  -530** -229 -078 ,013 -,066 ,087 1
ALP -,145 -194 -269* - 377* ,308* ,094 ,097 178 1
PTH -,138 ,092 -,485*  -493** ,851** ,320 ,048 -012 ,827** 1
ALT ,013 -,037 ,092 ,101 ,397** ,005 ,024 ,253% ,066 ,037** 1
AST -,202 -154 -169 -,189 136 -016 ,059 ,318* 141 -213 ,698 1
TSH ,108 -,052 163 ,054 -018 -018 ,026 ,062 -,034 -077 -016 -023 1
Vit D ,160 ,093 ,205 ,254 ,020 -,059 ,188 212 -,096 151 ,046 -,084 -,057 1
Z skor ,660** 259 162 214 -,064 ,057 -010 -,165 ,048 -211 -,005 -111 ,076 ,037 1

**Correlation is significant at the .01 level (2-tailed). * Correlation is significant at the .05 level (2-tailed)
BMD: bone mineral densitometry, BMI: body mass index, Hb: hemoglobin, Ca: calcium, P: phosphor, ALP: Alkaline Phosphatase, ALT: alanine aminotrensferase, AST:
aspartate aminotransferase, TSH: thyroid stimulating hormone, PTH: parathyroid hormone, vit D: vitamin D
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lower body mass index (BMI) (p = 0.003), lower Hb level (p =
0.001) and higher ferritin (p = 0.003) but not correlated with
age and sex. BM|, ferritin, and hemoglobin levels were the major
role players for abnormal BMD in this study [5]. In another study
on 17 SCA patients, osteopenia frequency was 47% and serum
iron and ferritin levels were found higher in osteopenic patients
than patients with normal BMD [13]. In the study of M. Meeu-
wes et al. [14] on 27 patients ranging in age from 7-28, low
BMD was not correlated with age, gender, calcium, calorie in-
take, or laboratory measurements. Low BMD was present in 11
patients (4 females, 7 males). The mean BMD Z score was 1.81
SD in males and -0.80 SD in females. There was no relationship
found between BMD and gender in children and young adults
with SCA in the study of Buison et al. [3] and low BMD was seen
more often in older boys. In the study of Redonda G et al. [4], of
32 adults with SCD (14 men and 18 women) with a mean age of
34 years, 72% (95% confidence interval 53-86%) had low BMD
at one or more anatomic sites; 13 (40%) were osteoporotic and
10 were osteopenic. Decreased BMD was correlated with low
BMI (p< 0.001) and male sex (p= 0.002).

While 25-hydroxyvitamin D levels are found to be lower in most
of the studies in almost all of the patients, there are no signifi-
cant associations between vitamin D and BMD. In a prospec-
tive study [15] consisting of 56 SCD adult patients (mean age
29.8+9.5 years), the median 25(0H)D concentration was 6 ng/
ml; vitamin D deficiency (25(0OH)D <10 ng/mL) was found in
42 (75.0%) and secondary hyperparathyroidism in 40 (71.4%).
There was a history of fracture in 17 patients (30.3%), and os-
teopenia and/or osteoporosis in 39.6% of the patients. Good-
man et al. [16] also reported 86% of their adult patients having
vitamin D levels below 10 ng/mL. 139 of 142 (98%) had sub-
optimal levels (<30 ng/mL) and 85 of 142 (60%) had severely
deficient vitamin D (<10 ng/mL). Vitamin D was not correlated
with age, sex, or date of lab draw. Miller et al. [4] reported that
84% of patients had lower serum 25-hydroxyvitamin D concen-
trations (<20 ng/mL) and 66% had below 10 ng/mL, but low
vitamin D concentration was not related to low BMD.

In the study of Sadat-Ali et al. [7] (86 males and 100 females),
92.0% of females and 70.9% of male patients with SCD had
vitamin D deficiency. The prevalence of osteoporosis was found
to be 73.8% (45/61) in males and 92.4% (85/92) in females.
ALP and PTH were significantly higher but 25(0OH) D levels were
significantly lower. Lumbar spine BMD was positively correlated
with age, serum calcium, and vitamin D levels and negatively
correlated with PTH.

In the study of Ozen et al. 17] consisting of 38 patients, 24
( 63.1 %) had vitamin D deficiency, 7 (18.4%) had vitamin D
insufficiency, and iPTH was found high in 18.4% (n=7/38). 3 pa-
tients (6.0%) were diagnosed with hypothyroidism (1 central, 2
primary hypothyroidism) in this study. PTH was higher in 3 of
our patients (2 osteoporotic and 1 osteopenic).

As with many other systems, the hepatobiliary system is af-
fected in SCD. The vascular obstruction and hemolysis can re-
sult in recurrent ischemia of the liver and bilirubin stones can
occur [18]. The iron overload can also lead to liver dysfunction
and fibrosis [19, 20]. Drugs taken by sickle cell patients may
cause or worsen hepatobiliary disease. In general, AST is rela-
tively more elevated than ALT due to hemolysis [21]. However,

the elevation of ALT contributes more to hepatocellular dam-
age than elevation of AST. Similarly, the alkaline phosphatase
can be elevated in biliary diseases. However, bone infarcts can
also raise the alkaline phosphatase levels. In our study, AST lev-
els (14 patient in the osteopenic group, 15 in the osteoporotic
group and 5 in the normal BMD group) were more frequently
found higher than were ALT levels (3 patients in the osteopenic
group, 5 in the osteoporotic group and 1 in the normal BMD
group). ALP levels were found higher in 25 of 61 (7 patients in
the osteopenic group, 13 in the osteoporotic group and 5 in the
normal BMD group).

Clinical trials done in tropical countries that have a high in-
cidence of SCD demonstrate that occurrence of either type 1
or type 2 diabetes is a rare finding [22]. The low BMI, hyper-
metabolism, and perhaps genetic factors may protect SCD pa-
tients from diabetes. A 5 year prospective study in Canada, the
USA, and the UK reported that diabetes mellitus affects 2% of
patients with SCD [23]. In our study glucose levels were normal
for all patients.

Abnormal thyroid function tests have also been reported in
patients with SCD. In the study of Parshad O et al. it was re-
ported that male patients had significantly lower endogenous
T3 and higher TSH levels [24]. The etiology of thyroid dysfunc-
tion in SCD is unclear. Iron deposition in the thyroid gland has
been shown in autopsy reports, so the etiology might be due to
transfusional hemosiderosis and cellular damage to the thyroid
gland [25]. In the present study TSH was found high in 4 of the
patients. Surprisingly, free T4 was high in 22 (6 patients in the
osteopenic group, 11 in the osteoporotic group and 5 in the
normal BMD group) but thyroid function tests were not cor-
related with BMD.

Conclusion

As the disease progresses the number of transfusions increases
(more than eight per year). There is a resulting iron overload
and greater risk of endocrine organ failure. During skeletal
growth in childhood, starting adequate vitamin D and calcium
intake, weight-bearing exercise, early diagnosis of hypogonad-
ism or growth hormone deficiency, and preventing iron overload
and its treatment are essential in the care of patients. After
reaching patients at the age of expected peak bone mass, they
should be screened for osteoporosis at least once a year (at
least 2 separate sites using dual energy X-ray absorptiometry
(DEXA)) and vitamin D levels should be checked. A detailed mus-
culoskeletal examination should be done for possible fractures
at at-risk sites (hips, shoulders, and spine). The patient’s com-
plaints of pain must not be assumed to be due to the vaso-
occlusive pain and should not be considered too late in the di-
agnosis. Also, patients should be monitored in terms of other
endocrine manifestations.
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